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(57) ABSTRACT 

An electro-optical device includes a substrate having a dis 
play region; TFTs each including a ?rst electrode in the 
display region, a ?rst insulating layer on the ?rst electrode, a 
second electrode on the ?rst insulating layer, and a second 
insulating layer on the second electrode; and terminals each 
including a ?rst metal on a protruding section extending from 
the display region, Which is located at the same level and 
made of the same metal as the ?rst electrode, a second metal 
Which is located at the same level and made of the same metal 
as the second electrode, and Which partly overlaps the ?rst 
metal in plan vieW, and a portion of the ?rst insulating layer. 
The ?rst insulating layer separates the ?rst and second metals 
and the ?rst metal is electrically connected to the ?rst elec 
trode or the second metal is electrically connected to the 
second electrode. 

12 Claims, 16 Drawing Sheets 
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ELECTRO-OPTICAL DEVICE, METHOD FOR 
MANUFACTURING ELECTRO-OPTICAL 
DEVICE, AND ELECTRONIC APPARATUS 

BACKGROUND 

1. Technical Field 
The present invention relates to an electro-optical device 

suitable for use in personal computers and mobile phones, a 
method for manufacturing the electro-optical device, and an 
electronic apparatus including the electro-optical device. 

2. Related Art 
Electro-optical devices such as liquid crystal devices have 

been used for displays for electronic apparatuses such as 
personal computers and mobile phones. The liquid crystal 
devices include semiconductor integrated circuit (IC) chips 
mounted on substrates by ?ip chip bonding. 

In recent years, small-siZe high-performance electronic 
apparatuses have been demanded. Hence, the distance 
betWeen Wires, including terminals, extending on substrates 
needs to be small, that is, the pitch betWeen the Wires needs to 
be ?ne. 
IRA-2000647206 (hereinafter referred to as Patent Docu 

ment 1) discloses a liquid crystal display. The liquid crystal 
display includes a liquid crystal display element substrate 
including a plurality of input and output terminals arranged 
along an end portion thereof and also includes a driver IC, 
disposed on a surface of the liquid crystal display element 
substrate, including a plurality of input and output bumps. 
The driver IC is mounted on the liquid crystal display element 
substrate by ?ip chip bonding in such a manner that the input 
and output terminals are bonded to the input and output 
bumps, respectively, With an anisotropic conductive ?lm dis 
posed therebetWeen. The output bumps are narroW in the 
arrangement direction thereof; have a triangular, pentagonal, 
or trapeZoidal shape; and are alternately arranged so as to 
form a ?rst output bump array and a second output bump 
array. Portions of the output bumps in the second output bump 
array extend betWeen the output bumps in the ?rst output 
bump array. The terminals are geometrically similar to the 
bumps. 

According to Patent Document 1, the driver IC, Which is 
attached to a semiconductor IC chip, has a reduced siZe and 
the output bumps adjacent to each other are prevented from 
being electrically shorted. In the liquid crystal display, thin 
?lm transistors are used as display element sWitches and the 
substrate has connection terminals electrically connected to 
gate or source electrodes of the thin-?lm transistors. Since the 
elevation from the substrate to the connection terminals con 
nected to the gate electrodes is different from the elevation 
from the substrate to the connection terminals connected to 
the source electrodes, there is a problem in that the reliability 
of the electrical connection of the output bumps to the con 
nection terminals connected to the gate electrodes is loW. 

In order to improve the reliability of the electrical connec 
tion, Wires extending from the gate electrodes may be con 
nected to metal interconnects arranged at the same level of the 
source electrodes such that the elevation from the substrate to 
the connection terminals connected to the gate electrodes is 
substantially equal to the elevation from the substrate to the 
connection terminals connected to the source electrodes. This 
can solve the above problem. HoWever, the use of such inter 
connects causes problems that additional Wires are required, 
the pitch betWeen the connection terminals needs to be 
reduced, and the resistance of the liquid crystal display is 
increased although the liquid crystal display needs to have a 
reduced resistance. The use of the interconnects further 
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2 
causes a problem that the siZe of the driver IC cannot be 
reduced because the interconnects occupy a large area in the 
arrangement direction thereof. 

SUMMARY 

An advantage of an aspect of the invention is to provide an 
electro -optical device in Which Wires an connection terminals 
are arranged at a ?ne pitch and the connection terminals have 
high electrical reliability. An advantage of another aspect of 
the invention is to provide a method for manufacturing the 
electro-optical device. An advantage of another aspect of the 
invention is to provide an electronic apparatus including the 
electro-optical device. 
The present invention provides an electro-optical device. 

The electro-optical device includes a substrate having a dis 
play region; a plurality of display thin-?lm transistors each 
including a ?rst electrode disposed in the display region, a 
portion of a ?rst insulating layer located on the side opposite 
to the substrate With the ?rst electrode disposed therebe 
tWeen, a second electrode located on the side opposite to the 
substrate With the ?rst insulating layer disposed therebe 
tWeen, and a second insulating layer located on the side 
opposite to the substrate With the second electrode disposed 
therebetWeen; and a plurality of connection terminals each 
including a ?rst metal layer Which is disposed on a protruding 
section extending from the display region, Which is located at 
the same level as that of the ?rst electrode, and Which is made 
of the same metal as that of the ?rst electrode, a second metal 
layer Which is located at the same level as that of the second 
electrode, and Which is made of the same metal as that of the 
second electrode, and Which partly overlaps With the ?rst 
metal layer in plan vieW, and a portion of the ?rst insulating 
layer. The ?rst insulating layer extends betWeen the ?rst and 
second metal layers and the ?rst metal layer is electrically 
connected to the ?rst electrode or the second metal layer is 
electrically connected to the second electrode. The term “sub 
strate” used herein means, but is not limited to, a glass sub 
strate. The term “display thin-?lm transistor” used herein 
means, but is not limited to, an amorphous silicon thin-?lm 
transistor (a-Si TFT) or a polysilicon thin-?lm transistor (p-Si 
TFT). The term “semiconductor integrated circuit (IC) chip” 
used herein means, but is not limited to, a driver IC. 

Since the ?rst metal layer partly overlaps With the second 
metal layer in plan vieW, the elevation from the substrate to a 
region Where the ?rst and second metal layers overlap is 
uniform. This improves the reliability of the electrical con 
nection of the connection terminals to bumps of semiconduc 
tor IC chips. 

In conventional techniques, the elevation from substrates 
to output connection terminals electrically connected to gate 
electrodes of TFTs is less than that from the substrates to 
input connection terminals electrically connected to source 
electrodes of the TFTs and therefore the electrical connection 
of the output and input connection terminals to bumps of 
semiconductor IC chips is insuf?cient. HoWever, according to 
the present invention, since the ?rst metal layer partly over 
laps With the second metal layer in plan vieW, the elevation 
from the substrate to the connection terminals electrically 
connected to gate electrodes is substantially equal to that from 
the substrate to the connection terminals electrically con 
nected to source electrodes, the connection terminals being 
electrically connected to bumps of a semiconductor IC chip. 

Unlike conventional devices, the electro-optical device 
requires no interconnects because the ?rst and second metal 
layers overlap With each other in the connection terminals. 
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This leads to a reduction in Wiring resistance and enables the 
siZe reduction of semiconductor IC chips. 

In the electro-optical device, the connection terminals may 
each further include a transparent electrode located on the 
side opposite to the substrate With the second metal layer 
disposed therebetWeen and the transparent electrode may be 
electrically connected to at least one of the ?rst and second 
metal layers. This alloWs the ?rst metal layer, Which is loW 
errnost, to be readily electrically connected to the transparent 
electrode, Which is uppermost. The transparent electrodes can 
be electrically connected to bumps of semiconductor IC chips 
in such a state that the elevation from the substrate to the 
connection terminals electrically connected to gate electrodes 
is substantially equal to that from the substrate to the connec 
tion terminals electrically connected to source electrodes. 

The transparent electrodes, Which are loWermost, may be 
electrically connected to the second metal layers only. In this 
case, the ?rst metal layers may be entirely covered With the 
?rst insulating layer and the ?rst insulating layer need not 
have any holloW regions. This reduces the number of manu 
facturing steps to reduce manufacturing cost. 

In the electro-optical device, the connection terminals may 
each have a contact section in Which a portion of the ?rst 
metal layer that is exposed from the ?rst insulating layer is 
electrically connected to the second metal layer With the 
transparent electrode. This alloWs the ?rst metal layer, Which 
is loWermost, to be readily electrically connected to the trans 
parent electrode, Which is uppermost and also alloWs the 
elevation from the substrate to the top of the connection 
terminals electrically connected to gate electrodes to be sub 
stantially equal to that from the substrate to the top of the 
connection terminals electrically connected to source elec 
trodes. Therefore, the connection terminals have high electric 
reliability. 

In the electro-optical device, the contact section may have 
a holloW Zone having a ?rst holloW region through Which the 
?rst metal layer is exposed and a second holloW region 
through Which the second metal layer overlying the ?rst metal 
layer and the ?rst insulating layer is exposed and the trans 
parent electrode may extend over the holloW Zone. This 
alloWs the ?rst and second metal layers to be e?iciently elec 
trically connected to each other With the transparent electrode 
through the ?rst and second holloW regions. 

The ?rst and second metal layers can be electrically con 
nected to each other With the transparent electrode at the 
shortest distance by connecting the ?rst and second holloW 
regions together. This leads to a reduction in resistance. 

In the electro-optical device, the contact section may be 
disposed in an end portion of each connection terminal that is 
located in the longitudinal direction of the connection termi 
nal. This alloWs the connection terminals to have a reduced 
Width and to be arranged at a reduced pitch. 

If the contact sections are each located in both end portions 
of the connection terminal, the contact area betWeen each ?rst 
metal layer and transparent electrode is large. This leads to an 
increase in connection reliability. 

If one of the contact sections each located in both end 
portions thereof is electrically broken, the other one is still 
usable. This also leads to an increase in connection reliability. 

In the electro-optical device, the end portion of each con 
nection terminal that is located in the longitudinal direction 
thereof is located on the leading side of the ?rst or second 
metal layer. This alloWs a portion of the ?rst metal layer that 
is located on the leading side thereof to be electrically con 
nected to the second metal layer or the transparent electrode 
to reduce the resistance of the electrical connection of the 
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4 
connection terminals to the bumps of semiconductor IC 
chips. This leads to an increase in connection reliability. 
The electro-optical device may further include a semicon 

ductor integrated circuit chip Which is mounted on the pro 
truding section and Which includes a plurality of output 
bumps arranged on a mount surface of the semiconductor 
integrated circuit chip. The output bumps may each have an 
end surface facing the transparent electrode and the end sur 
face of each output bump may be partly in contact With an 
overlapping region Where the ?rst metal layer overlaps With 
the second metal layer in plan vieW. This alloWs the connec 
tion terminals to have uniform height to improve the electrical 
connection of the connection terminals to the bumps. Unlike 
conventional devices, the electro-optical device requires no 
interconnects for gate electrode Wires. This alloWs the con 
nection terminals ad Wires to be arranged at a reduced pitch 
and also alloWs the electro-optical device to have a reduced 
siZe. 

In the electro-optical device, the overlapping region may 
have a ?at face, each contact section may have a ?at face 
parallel to that of the overlapping region, and the ?at face of 
the overlapping region may have an area greater than that of 
the ?at face of the contact section. This improves the reliabil 
ity of the electrical connection of the connection terminals 
and alloWs the connection terminals to have a reduced siZe. 

In the electro-optical device, the ?at face of the overlapping 
region has an area that is half or more of the area of the end 
surface of each output bump. Therefore, the output bump can 
be securely attached to the overlapping region. This improves 
the reliability of the electrical connection of the connection 
terminals and alloWs the connection terminals to have a 
reduced size. 
The present invention provides a method for manufactur 

ing an electro-optical device including a substrate having a 
display region. The method includes forming a plurality of 
display thin-?lm transistors and a plurality of connection 
terminals, the display thin-?lm transistors each including a 
?rst electrode disposed in the display region, a portion of a 
?rst insulating layer located on the side opposite to the sub 
strate With the ?rst electrode disposed therebetWeen, a second 
electrode located on the side opposite to the substrate With the 
?rst insulating layer disposed therebetWeen, and a second 
insulating layer located on the side opposite to the substrate 
With the second electrode disposed therebetWeen, the connec 
tion terminals each including a ?rst metal layer Which is 
disposed on a protruding section extending from the display 
region, Which is located at the same level as that of the ?rst 
electrode, and Which is made of the same metal as that of the 
?rst electrode, a second metal layer Which is located at the 
same level as that of the second electrode, and Which is made 
of the same metal as that of the second electrode, and Which 
partly overlaps With the ?rst metal layer in plan vieW, and a 
portion of the ?rst insulating layer. The method also includes 
mounting a semiconductor integrated circuit chip, including a 
plurality of output bumps each electrically connected to the 
corresponding connection terminals, on the protruding sec 
tion. The ?rst insulating layer extends betWeen the ?rst and 
second metal layers. 

In the method, since the ?rst metal layer partly overlaps 
With the second metal layer in plan vieW, the height of an 
overlapping region Where the ?rst and second metal layers 
overlap With each other from the substrate is uniform. This 
improves the reliability of the electrical connection the con 
nection terminals to the bumps and alloWs the electro-optical 
device to be readily manufactured. 

Unlike conventional devices, the electro-optical device 
requires no interconnects because the ?rst and second metal 
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layers overlap With each other in the connection terminals. 
This leads to a reduction in Wiring resistance and alloWs the 
electro-optical device to be readily manufactured such that 
the semiconductor IC chip has a reduced size. 

In the method, the connection terminals may be formed in 
such a manner that the second metal layers are formed by 
pattering and the ?rst metal layers are exposed using the 
second metal layers as masks, developed, and then etched. 
This reduces the number of manufacturing steps to reduce 
manufacturing cost. In the case Where the second metal layers 
have openings formed by patterning, When the second insu 
lating layer overlying the second metal layers is exposed and 
then developed so as to have second holloW regions, ?rst 
holloW regions connected to the second holloW regions can be 
formed in the ?rst insulating layer. In this operation, the 
second metal layers can be used as masks and therefore pre 
cise exposure and development can be performed. This leads 
to a reduction in manufacturing cost. 

The present invention provides an electronic apparatus 
including any one of the above electro-optical devices. 

Since the electronic apparatus includes one of the electro 
optical devices, in Which the connection terminals and Wires 
are arranged at a reduced pitch and the connection terminals 
have high electric reliability, the electronic apparatus has high 
reliability and can be manufactured at loW cost so as to have 
a reduced size. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention Will be described With reference to the 
accompanying draWings, Wherein like numbers reference like 
elements. 

FIG. 1 is a schematic perspective vieW of an electro-optical 
device according to a ?rst embodiment of the present inven 
tion. 

FIG. 2 is sectional vieW of the electro-optical device taken 
along the line II-II of FIG. 1. 

FIG. 3 is schematic sectional vieW of a TFT disposed in the 
electro-optical device according to the ?rst embodiment. 

FIG. 4 is a partial plan vieW of a protruding section that is 
a portion of a ?rst substrate disposed in the electro-optical 
device according to the ?rst embodiment. 

FIG. 5 is a plan vieW of a gate output connection terminal 
disposed in the electro-optical device according to the ?rst 
embodiment. 

FIG. 6 is a sectional vieW of the gate output connection 
terminal taken along the line VI-VI of FIG. 5. 

FIG. 7 is a sectional vieW of the gate output connection 
terminal taken along the line VII-VII of FIG. 5. 

FIG. 8 is a plan vieW of a source output connection terminal 
disposed in the electro-optical device according to the ?rst 
embodiment. 

FIG. 9 is a sectional vieW of the source output connection 
terminals taken along the line IX-IX of FIG. 8. 

FIG. 10 is a ?owchart illustrating a method for manufac 
turing the electro-optical device according to the ?rst embodi 
ment. 

FIGS. 11A to 11E are illustrations shoWing steps of a 
procedure for forming second metal layers disposed in the 
electro-optical device according to the ?rst embodiment. 

FIGS. 12A to 12D are illustrations shoWing steps of a 
procedure for mounting a driver IC disposed in the electro 
optical device according to the ?rst embodiment. 

FIG. 13 is a sectional vieW of a source output connection 
terminal disposed in an electro-optical device that is a modi 
?cation of the electro-optical device according to the ?rst 
embodiment. 
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6 
FIG. 14 is a plan vieW of a gate output connection terminal 

disposed in an electro-optical device according to a second 
embodiment of the present invention. 

FIG. 15 is a sectional vieW of the gate output connection 
terminal taken along the line XV-XV of FIG. 14. 

FIG. 16 is a plan vieW of a source output connection ter 
minal disposed in the electro-optical device according to the 
second embodiment. 

FIG. 17 is a sectional vieW of the source output connection 
terminal taken along the line XVII-XVII of FIG. 16. 

FIG. 18 is a plan vieW of a gate output connection terminal 
disposed in an electro-optical device according to a third 
embodiment of the present invention. 

FIG. 19 is a sectional vieW of the gate output connection 
terminal taken along the line XIX-XIX of FIG. 18. 

FIG. 20 is a plan vieW of a gate output connection terminal 
disposed in an electro-optical device according to a fourth 
embodiment of the present invention. 

FIG. 21 is a sectional vieW of the gate output connection 
terminal taken along the line XXI-XXI of FIG. 20. 

FIG. 22 is a schematic vieW of a mobile phone that is an 
example of an electronic apparatus according to a ?fth 
embodiment of the present invention. 

FIG. 23 is a schematic vieW of a personal computer that is 
an example of the electronic apparatus according to the ?fth 
embodiment. 

DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

Embodiments of the present invention Will noW be 
described With reference to the accompanying draWings. 
Examples of electro-optical devices according to the embodi 
ments include active-matrix liquid crystal devices including 
thin-?lm transistors (TFTs). The present invention is not lim 
ited to the active-matrix liquid crystal devices or electronic 
apparatus including the active-matrix liquid crystal devices. 
For the sake of clarity in the accompanying draWings, the 
scale and number of members are different from those of 
actual ones. 

First Embodiment 

FIG. 1 shoWs an electro-optical device 1 according to a ?rst 
embodiment of the present invention in perspective vieW. 
FIG. 2 shoWs the electro-optical device in sectional vieW 
taken along the line II-II of FIG. 1. 

With reference to FIG. 1, the electro-optical device 1 
includes a liquid crystal panel 2 and a ?exible board 3 elec 
trically connected to the liquid crystal panel 2. The electro 
optical device 1 may further include a lighting unit such as a 
backlight and ancillary components, Which are not shoWn, as 
required. 

With reference to FIG. 2, the liquid crystal panel 2 includes 
a sealing member 4, a ?rst substrate 5, a second substrate 6 
bonded to the ?rst substrate 5 With the sealing member 4 
disposed therebetWeen, and a tWisted nematic (TN) liquid 
crystal 7 disposed betWeen the ?rst and second substrates 5 
and 6 in a sealed manner. 

The ?rst and second substrates 5 and 6 include a ?rst base 
member 5a and a second base member 6a, respectively. The 
?rst and second base members 511 and 6a are tabular and are 
made of a transparent material such as glass. With reference to 
FIG. 2, a ?rst polarizing ?lm 8 for polarizing incident light is 
located on the outer side (the side opposite to the liquid crystal 
7) of the ?rst base member 5a and a second polarizing ?lm 9 






















